Objective: The purpose of this article is to review the literature assessing foetal and maternal pregnancy outcomes in women with PCOS who used metformin during pregnancy. Study Design: A literature search was conducted using MEDLINE, with analysis of 25 studies that recorded neonatal and maternal outcomes in women who used metformin during pregnancy. The outcomes assessed in this review include congenital deformities, miscarriages, preterm labour, gestational diabetes (GDM) and pregnancy induced hypertension (PIH). Results: We found that the use of metformin throughout pregnancy correlated with decreased rates of preterm labour, GDM and PIH. Conflicting evidence exists over whether metformin use during pregnancy reduced miscarriage rates. The use of metformin during pregnancy did not increase teratogenicity risks. Conclusion: The use of metformin throughout pregnancy is associated with decreased rates of preterm labour, GDM, and PIH. However, more randomised controls involving larger numbers of participants are required for more definitive results.
INTRODUCTION
Polycystic ovary syndrome (PCOS) is a condition diagnosed on the satisfaction of at least two of the following three criteria: 1) Oligoovulation or anovulation; 2) Clinical and/or biochemical evidence of hyperandrogenism; 3) Ultrasound findings of polycystic ovaries [1] . Women with PCOS are more likely to be obese and require assisted reproductive technology than women without PCOS [2] . The effects of PCOS on pregnancy remains controversial with some trials showing increased rates of early pregnancy loss (EPL) and foetal congenital abnormalities, with others showing no significance [3] . More recent studies have shown increased risks of pregnancy induced hypertension (PIH), preeclampsia, gestational diabetes (GDM), preterm labour and small for gestational age (SGA) infants in women with PCOS [4] .
Increasingly, insulin sensitising agents have been used to manage women with PCOS. Metformin is a biguanide class antidiabetic with multiple actions. Metformin decreases intestinal absorption of glucose, impairs hepatic gluconeogenesis and stimulates glucose uptake by muscle cells via the glucose transport (GLUT) system to improve peripheral sensitivity of insulin [5] . Metformin does not cause hypoglycaemia but common dose-dependent adverse effects include abdominal discomfort, diarrhoea, nausea, and in rare cases, lactic acidosis [6] .
In women with PCOS, metformin reduces insulin resistance, improves hyperandrogenemia and normalises menstrual abnormalities independent of weight loss. These improvements were most evident in women with insulin resistance, lower serum androstenedione levels, and less severe menstrual abnormalities [7] . Metformin is increasingly being used as an ovulation induction agent, either alone or with clomiphene, to improve ovulation rates [8] . However, a recent Cochrane review of randomised controlled trials found that although using metformin for ovulation induction improved pregnancy rates, it did not reduce miscarriage rates and did not result in higher live birth rates [9] . The question still remains regarding whether continuing metformin throughout pregnancy would offer additional benefits. The purpose of this review is to assess the use of metformin during pregnancy.
METHODS
A MEDLINE-based literature search, which included articles between the years of 1946 and 2012, was conducted using the following search criteria: exp *polycystic ovary syndrome/AND exp *metformin/AND (exp *pregnancy outcomes/OR exp *pregnancy complications/OR exp *abortions, spontaneous/). A total of 57 articles were assessed for analysis with relevant refer-
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ences from these articles manually searched and included in the analysis. Review articles, editorial pieces, duplicates and trials that did not continue metformin during pregnancy, were excluded.
RESULTS
Of the 25 trials included for this review, there were four randomised controlled trials (RCTs) [10] [11] [12] [13] , one clinical trial [14] , four retrospective cohort studies [15] [16] [17] [18] , and sixteen prospective cohort studies [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . These studies were conducted globally with a large number originating from USA. Metformin was limited to the first trimester in four trials [11, 14, 16, 27] , with the remainder continuing metformin for the entire duration of pregnancy. A comparison of continuing metformin in the first trimester and throughout pregnancy was made in four trials [10, 23, 26, 33] . Metformin was used for fertility treatment in most participants prior to pregnancy. Apart from one prospective study where metformin was reduced by a third throughout the first trimester [20] , all the women treated with metformin for infertility continued their preconception doses throughout pregnancy. Women starting metformin in pregnancy were titrated up from half dose in the first week to full dose for the remainder of the pregnancy [11] [12] [13] . The maximum doses of metformin reached 2550 mg daily [19, 22, 24, 28, 30, [32] [33] [34] . The study design and outcomes of the RCTs are summarised in Table 1 .
Miscarriage Rates
Fourteen studies assessed the association between metformin and miscarriage rates of women affected by PCOS, with six focusing on EPL. Eleven of these studies showed statistical significance for reduced miscarriages with five studies specifically addressing EPL [15, 18, 25, 33, 34] and the remainder being unspecified [14, 17, 19, 20, 23, 28] . The results of six studies were compared against the previous pregnancy results of the participants [14, 17, 19, 28, 33, 34] , and five were compared against control groups with PCOS [15, 18, 20, 23, 25] . Three studies showed reduced miscarriage rates in women with recurrent pregnancy loss (RPL) [15, 19, 28] of which two studies combined metformin with enoxaparin [19, 28] .
Of the remaining three studies, two showed no difference in miscarriage rates with the use of metformin compared to normal populations [11, 27] , and the remaining RCT showed that continuing metformin throughout pregnancy results in the same miscarriage outcomes as ceasing metformin after eight weeks [10] .
Preterm Labour
Seven studies assessed the association of metformin and preterm labour in women with PCOS, of which four showed that metformin statistically reduced preterm labour rates [12, 13, 20, 23] . One RCT showed no difference in preterm labour rates with use of metformin throughout pregnancy compared to eight weeks [10] , and one retrospective study showed higher preterm rates compared to normal populations [17] .
Safety
None of the studies reported increased neonatal complications, including low birth weight (LBW), neonatal hy-poglycaemia or neonatal unit admissions, associated withthe use of metformin in the first trimester or throughout pregnancy. Follow up studies in infants exposed to met formin during pregnancy showed no dif- [17] , achondroplasia [18] , sacrococcygeal teratoma [22] , and tracheoesophageal fistula [25] .
Pregnancy Induced Hypertension (PIH)
Five studies investigated the effects of metformin on PIH in women with PCOS. Four of these showed a statistically significant decrease in PIH with the use of metformin throughout pregnancy compared to PCOS and normal populations [15, 20, 21, 23] , while one showed an increase in PIH compared to a normal population [26] .
Gestational Diabetes Mellitus (GDM)
Thirteen studies assessed the relationship between metformin and GDM in women with PCOS, with nine showing that continuing metformin throughout pregnancy reduced GDM [10, 15, [20] [21] [22] [23] 30, 32, 33] . However, two showed no change [12, 31] and two showed increased risk compared to normal populations [16, 26] . In all the studies, GDM was determined using either a fasting glucose, a glucose challenge test (GCT), or an oral glucose tolerance test (OGTT) between 19 and 32 weeks, depending on the local policy. The use of GCT at 24 -26 weeks was common [20, 22, 28, 30, 32, 33] , and there was no mention of ceasing metformin prior to these tests in any of the studies.
Other Benefits
Four studies showed that metformin reduced BMI and weight gain [11, 12, 32, 33] , while five showed metformin decreased serum insulin levels and insulin resistance [18, 29, [32] [33] [34] . Two studies showed reduced rates of intrauterine growth restriction (IUGR) [15, 23] . Metformin was not found to cause major side effects, and no cases of lactic acidosis were reported in any of the studies. Minor side effects associated with metformin, including nausea, diarrhoea, vomiting and abdominal discomfort was more prevalent in one RCT [11] .
Metformin Use in First Trimester Compared to Entire Pregnancy
Only four studies compared neonatal outcomes from the use of metformin for the first trimester compared to the entire pregnancy. These studies suggested that longer use of metformin was associated with reduced IUGR [23] , preterm labour [23] and macrosomia rates [10] , with no difference in subsequent infant growth [33] for the infant as well as improved outcomes in terms of PIH [23] and GDM [10, 23] for the mother. However, one RCT did not find statistical significance in preterm labour rates [10] while another prospective study found that compared to a normal population, metformin use in women with PCOS was associated with earlier pregnancy, and increased PIH and GDM rates [26] . Effects on miscarriage are uncertain, with one study showing reduced rates with metformin use throughout pregnancy [23] and another showing no difference [10] .
DISCUSSION
Our analysis revealed inconsistent evidence regarding the effects of continuing metformin throughout pregnancy on miscarriage rates. A series of studies have evidence supporting the role of metformin in reducing miscarriage rates. This was not supported in a recent multicentre RCT, which showed similar miscarriage rates in both the metformin and control group [11] . However, these rates were comparable to background miscarriage rates, which may have been influenced by improved antenatal care. Most of the evidence supporting reduced miscarriage rates was from small scale prospective or retrospective studies, which had low numbers of miscarriages, and did not measure miscarriage as a primary objective. The results were often compared to a healthy population without PCOS or to the results of previous pregnancies, and did not consider confounding factors such as improved antenatal care. All these factors may have contributed to bias in the results. Evidence for metformin's role in reducing preterm labour is supported by two RCTs [12, 13] and two prospective studies [20, 23] . Furthermore, there was no increased harm associated with the continuation of metformin. Our analysis did not find a correlation between metformin and increased congenital malformations in neonates. This is consistent with recent studies that showed metformin to be safe in pregnancy for treating GDM [35, 36] .
There is some evidence supporting maternal benefits of using metformin in women with PCOS in terms of reducing GDM and PIH. Six studies, including one RCT, showed that metformin decreased GDM rates when used throughout pregnancy. This is supported by the reduction in GDM risk factors as presented in five studies showing decreased serum insulin and insulin resistance, and four studies, including two RCTs, showing reduced BMI and weight gain with use of metformin throughout pregnancy. Women on metformin are still recommended to undergo the usual tests for GDM without special considerations and are to be treated for GDM if found positive. Only six studies considered PIH but four provided evidence for metformin decreasing PIH when compared against other women with PCOS and normal populations. The studies that showed no change or increased rates of GDM and PIH did not have well matched controls and were compared to normal populations without PCOS.
In terms of reducing IUGR, preterm labour, PIH and GDM, current studies also suggest that it may be beneficial to continue metformin throughout pregnancy rather than to cease after the first trimester. However, there are not enough direct comparisons between using metformin for the first trimester and the entire pregnancy to establish this correlation.
The main limitation with this review is the lack of large scale RCTs in this area. Due to the lack of a balanced control group, prospective and retrospective trials studies are more prone to random error and confounding bias. These include comparing women with PCOS to normal populations, geographical and racial differences, and access to antenatal care, which may all affect foetal and maternal outcomes.
In conclusion, there is currently some evidence supporting the use of metformin throughout pregnancy for reducing preterm labour, GDM and PIH. However, this area currently lacks investigation from large scale RCTs, and more evidence from such trails are required before more definitive conclusions can be drawn.
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